Mucilaginibacter polytrichastri sp. nov., isolated from a moss (Polytrichastrum formosum), and emended description of the genus Mucilaginibacter was isolated from the moss Polytrichastrum formosum collected from Gawalong glacier in Tibet, China, and characterized by using a polyphasic taxonomic approach. The predominant fatty acids of strain RG4-7 T were summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), iso-C 15 : 0 and iso-C 17 : 0 3-OH. The major polar lipids were phosphatidylethanolamine, one unidentified aminophospholipid, one unidentified phospholipid, two unidentified aminolipids and one unidentified lipid. Strain RG4-7 T contained MK-7 as the dominant menaquinone and the G+C content of its genomic DNA was 39.1 mol%. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain RG4-7 T was affiliated to species of the genus Mucilaginibacter, and its closest relative was Mucilaginibacter jinjuensis YC7004 T (97.0 % sequence similarity).
The genus Mucilaginibacter (family Sphingobacteriaceae, phylum Bacteroidetes) was proposed by Pankratov et al. (2007) and its description was subsequently emended by Urai et al. (2008) and Baik et al. (2010) . At the time of writing, it contains 23 recognized species. Strains of the genus Mucilaginibacter have been isolated from a peat bog (Pankratov et al., 2007) , soil (Madhaiyan et al., 2010; Männistö et al., 2010; Kang et al., 2011; Jiang et al., 2012) , freshwater (Baik et al., 2010; Joung & Joh, 2011; Joung et al., 2014) , rice straw (An et al., 2009) , compost (Cui et al., 2011) and rotten wood (Khan et al., 2013a, b) . Strains of the genus Mucilaginibacter are Gram-reaction-negative, non-spore-forming, non-motile rods that produce large amounts of extracellular polymeric substances; most species can degrade xylan and CM-cellulose (Pankratov et al., 2007) . In this paper, we describe strain RG4-7 T , isolated from a moss, Polytrichastrum formosum. The organism was related to the genus Mucilaginibacter on the basis of 16S rRNA gene sequence comparison. The phenotypic, genetic and chemotaxonomic analyses showed that it represents a novel species of the genus Mucilaginibacter.
Samples of moss were collected from three representative sites in the Gawalong glacier zone (29 u 389 58.660 N 91 u 069 56.340 E) in Tibet, China (Li et al., 2011) . About 1 g surface-disinfected moss was homogenized in 0.85 % NaCl and serial dilutions were spread on R2A agar (Niuniu) (Reasoner & Geldreich, 1985) . The plates were incubated at 28 u C for 2-3 days, and one orange-pigmented strain, designated T , was isolated and purified by transfer onto fresh plates. Strain T was maintained on R2A agar at 4 u C and preserved at 280 u C in R2A broth containing 30 % (v/v) glycerol. Biomass for chemotaxonomic and molecular systematic studies was prepared by growing the strain in R2A broth at 28 u C for 2 days. Cells were harvested by centrifugation and freeze-dried prior to analysis.
Preparation of genomic DNA was carried out according to the method of Marmur (1961) . The 16S rRNA gene sequence of strain T was determined by PCR amplification using primers 27F and 1492R (Lane, 1991) and sequencing. The amplification product was purified and cloned into a pMD18-T vector (Takara). The 16S rRNA gene sequence of strain T was first analysed using the EzTaxon-e server to determine the closest related type strains and to calculate sequence similarities. The sequence was then aligned with those of related species by using CLUSTAL W (Thompson et al., 1994) and phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony and maximum-likelihood methods in the MEGA 5.05 software (Tamura et al., 2011) . Bootstrap analysis (1000 replications) was used to evaluate the topology of the trees. An almost-complete 16S rRNA gene sequence of strain T (1483 bp) was obtained. Comparative 16S rRNA gene sequence analysis showed that it was phylogenetically affiliated with species of the genus Mucilaginibacter, and the highest level of similarity was found with Mucilaginibacter jinjuensis YC7004 T (97.0 % sequence similarity) (Khan et al., 2013a) . 16S rRNA gene sequence similarity to the other type strains in the genus Mucilaginibacter was 96.0-93.5 %. In the neighbour-joining phylogenetic tree ( Fig. 1) , strain RG4-7
T clustered together with M. jinjuensis YC7004
T with a bootstrap value of 98 %. The maximumparsimony and maximum-likelihood phylogenetic trees also supported the clustering of strain T and other species of the genus Mucilaginibacter (not shown). Since M. jinjuensis, M. polysacchareus (Han et al., 2012) , M. soli (Jiang et al., 2012) and M. daejeonensis (An et al., 2009) were the closest relatives, their type strains were obtained from culture collections and used as references for further taxonomic studies.
Cellular morphology of strain RG4-7 T grown for 2 days in R2A broth at 28 u C was studied by light microscopy (Zeiss; 61000 magnification), scanning electron microscopy (FEI QUANTA scanning fibre-optic microscope; 65000-20 000) and transmission electron microscopy (Hitachi 7500; 61500-70 000). Gliding motility was assessed according to Bernardet et al. (2002) . Colony morphology was examined after 3 days at 28 u C on R2A agar. Growth at 4, 10, 15, 20, 25, 28, 30, 37 and 42 uC was tested on R2A agar. The pH range
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Sphingobacterium anhuiense for growth and the requirement for and tolerance of NaCl (0, 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 % w/v) were determined in R2A broth. The medium was adjusted prior to sterilization to pH 4.0-9.0 (at intervals of about 0.5 pH units) using the following biological buffers (Breznak & Costilow, 2007) : citrate/Na 2 HPO 4 (pH 4.0, 4.6, 5.0 and 5.6), phosphate (pH 6.0-7.5) and Tris/HCl (pH 8.0-9.0). Verification of the pH after autoclaving revealed only minor changes. Growth was also tested on MacConkey agar, nutrient agar (NA) and tryptic soy agar (TSA). Anaerobic growth was tested on plain R2A agar and on R2A agar supplemented with sodium thioglycolate (0.1 % w/v) for up to 10 days in a 2.5 l jar containing an AnaeroPack-Anaero (Mitsubishi Gas Chemical). The presence of flexirubin-type pigments was studied using the bathochromic shift test with 20 % KOH (Bernardet et al., 2002) . Hydrolysis of CM-cellulose (1 % w/v) and xylan (1 % w/v) was investigated by the Congo red overlay method as reported previously (Ruijssenaars & Hartmans, 2001; Khan et al., 2013a) . Gram staining, catalase and oxidase activities and hydrolysis of casein, Tweens 20 and 80, egg yolk and starch were assessed using the methods of Smibert & Krieg (1994) after 48 h of growth on R2A agar or in R2A broth at 28 uC. The methyl red reaction was assessed as described by Dong & Cai (2001) . Additional physiological and biochemical properties were determined using the API 20NE, 20E and ZYM strips (bioMérieux) according to the manufacturer's instructions; all tests were run in duplicate. In addition, the ability of strain RG4-7 T to utilize 95 substrates as sole carbon sources was tested using the GN2 MicroPlate (Biolog) at the China Center of Industrial Culture Collection; the test was read after incubation at 30 u C for 24 h. Antibiotic susceptibility of strain RG4-7 T was also examined by placing antibiotic discs on R2A agar as described previously (Zhou et al., 2007) . The antibiotic discs (Hangzhou Microbial Reagent Co.) tested were kanamycin (5 mg), streptomycin (10 mg), chloramphenicol (30 mg), tetracycline (30 mg) and rifampicin (30 mg).
Cells of strain RG4-7
T were Gram-staining-negative, strictly aerobic, non-spore-forming, non-motile and rodshaped (Fig. S1 , available in the online Supplementary Material). Other phenotypic characteristics are given in the species description, and Table 1 shows features that differentiate the novel strain from the type strains of four closely related species of the genus Mucilaginibacter.
Fatty acid analysis was carried out at the China General Microbiological Culture Collection Center. Strain RG4-7 T and the four reference strains were grown on R2A agar at 28 u C for 2 days. Standardization of the physiological age of the strains was achieved by choice of the second and third sectors from a quadrant streak when colonies became visible in the fourth sector, as described by Sasser (1990) . Extraction and analysis of the cellular fatty acids were performed according to the standard protocol of the Sherlock Microbial Identification System (Sasser, 1990 ) version 6.0 and peaks were identified using the TSBA6 6.00 peak-naming table. The major fatty acids (.10 %) of strain RG4-7 T were summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c; 43.3 %), iso-C 15 : 0 (21.9 %) and iso-C 17 : 0 3-OH (14.4 %). Significant amounts of iso-C 17 : 1 v9c, C 16 : 1 v5c, C 15 : 1 v6c and iso-C 15 : 0 3-OH were also detected. The overall fatty acid profiles of the five strains were similar, with summed feature 3 and iso-C 15 : 0 as the major components (Table 2) . However, strain RG4-7 T differed from the four reference strains by showing smaller amounts of C 16 : 1 v5c and C 16 : 0 and a larger amount of iso-C 17 : 0 3-OH.
Polar lipids extracted from 100 mg freeze-dried cells were separated by two-dimensional TLC and analysed at the Identification Service of the DSMZ (Braunschweig, Germany) according to Tindall et al. (2007) . Cellular isoprenoid quinones were extracted and purified according to Minnikin et al. (1984) , eluted with methanol/isopropyl ether (4 : 1, v/v) at a flow rate of 1 ml min 21 and analysed by reversed-phase HPLC (Kroppenstedt, 1982) . The DNA G+C content was determined using the thermal denaturation method (Marmur & Doty 1962) with DNA of Escherichia coli K-12 as a control. The polar lipid profile of strain RG4-7 T consisted of phosphatidylethanolamine as the major polar lipid, which is similar to the type strains of M. soli and other species of the genus Mucilaginibacter (Jiang et al., 2012) . In addition, several unidentified polar lipids, including one aminophospholipid, one phospholipid, three aminolipids and three lipids, were detected, which might distinguish the novel strain from other species of the genus Mucilaginibacter DNA-DNA hybridization experiments were carried out to evaluate the DNA-DNA relatedness between strain RG4-7 T and M. jinjuensis NBRC 108856 T using the optical renaturation rate method (De Ley, 1970; Gillis et al., 1970) . Hybridization was carried out in 26 SSC and the equipment used was a Beckman DU 800 spectrophotometer. The DNA-DNA relatedness between strain RG4-7 T and M. jinjuensis NBRC 108856 T was 49.1±3.7 % (using a hybridization temperature of 69 u C), clearly below the 70 % threshold value generally accepted for species delineation (Stackebrandt et al., 2002) .
In view of the combined morphological, physiological and chemotaxonomic data and of the phylogenetic inference presented here, it is evident that strain RG4-7 T belongs to the genus Mucilaginibacter. However, differentiating phenotypic characteristics, as well as phylogenetic distinctiveness, distinguish it from previously described species of the genus Mucilaginibacter. Hence, strain T is considered to represent a novel species of the genus Mucilaginibacter, for which the name Mucilaginibacter polytrichastri sp. nov. is proposed. In addition, an emended description of the genus Mucilaginibacter is proposed on the basis of new data obtained in this study. The description of the genus Mucilaginibacter is as given by Pankratov et al. (2007) and emended by Urai et al. (2008) and Baik et al. (2010) with the following further amendments. The major polar lipids consist of phosphatidylethanolamine and several unidentified aminophospholipids, phospholipids and aminolipids. The DNA G+C content is 39.1-47.2 mol%.
Description of Mucilaginibacter polytrichastri sp. nov.
Mucilaginibacter polytrichastri (po.ly.tri.chas9tri. N.L. gen. n. polytrichastri of Polytrichastrum, referring to Polytrichastrum formosum, the plant from which the type strain was isolated).
Cells are Gram-staining-negative, strictly aerobic, nonspore-forming, non-motile rods, about 0.6-0.7 mm in diameter and 2.0-3.2 mm long, occurring singly or in pairs; some cells are L-shaped. Flagella and outermembrane vesicles are not observed. No cyclic cell shape change is observed during culture. Colonies are circular with regular edges, orange-pigmented, convex, moist and smooth, 1.5-2.0 mm in diameter after 3 days of cultivation at 28 u C on R2A agar. Growth also occurs on NA, but no growth is observed on MacConkey agar or TSA. Production of extracellular polymeric substances is confirmed by the rather mucoid consistency of colonies and slightly viscous broth cultures. Growth occurs at 4-30 u C (optimum, 28-30 u C) and at pH 5.0-8.0 (optimum, pH 6.5-7.0) in R2A broth. Growth occurs in R2A broth supplemented with 0-3 % NaCl (optimum growth in the absence of NaCl). Flexirubin-type pigments are present. Positive for oxidase activity, the methyl red reaction and hydrolysis of casein, xylan and CM-cellulose, but negative for catalase activity and hydrolysis of Tweens 20 and 80, egg yolk and starch. In the API 20NE strip, positive for aesculin hydrolysis, b-galactosidase activity (PNPG test) and assimilation of D-mannose, N-acetyl-D-glucosamine and maltose, but negative for nitrate reduction, indole All data are from this study, unless indicated. All strains are positive for oxidase activity. In the API 20E strip, all strains are positive for bgalactosidase activity (ONPG test) and acetoin production and negative for activities of arginine dihydrolase, lysine decarboxylase and ornithine decarboxylase, hydrolysis of urea, utilization of citrate and production of indole and H 2 S. Fermentation/oxidation tests in the API 20E strip give unreliable results. In the API 20NE strip, all strains are negative for nitrate reduction, indole production, glucose fermentation, activities of arginine dihydrolase and urease and assimilation of D-mannitol, capric acid, adipic acid, trisodium citrate and phenylacetic acid, but positive for aesculin hydrolysis. In the API ZYM strip, all strains are positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase and N-acetyl-bglucosaminidase activities and negative for lipase (C14), cystine arylamidase, a-chymotrypsin and b-glucuronidase activities. production, glucose fermentation, arginine dihydrolase and urease activities, gelatin hydrolysis and assimilation of D-glucose, L-arabinose, D-mannitol, gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. In the API 20E strip, positive for b-galactosidase activity (ONPG test) and acetoin production, but negative for arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease, tryptophan deaminase and gelatinase activities, citrate utilization and H 2 S and indole production. Fermentation/oxidation tests in the API 20E strip give unreliable results. In the API ZYM strip, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase and N-acetyl-bglucosaminidase activities are present, but lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, b-glucuronidase, a-mannosidase and a-fucosidase activities are absent. Dextrin, D-fructose and a-D-glucose are utilized in the GN2 MicroPlate; all other substrates are not utilized. Resistant to discs containing 5 mg kanamycin and 30 mg tetracycline, but susceptible to discs containing 30 mg rifampicin, 10 mg streptomycin and 30 mg chloramphenicol. The fatty acid profile is composed mainly of summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), iso-C 15 : 0 and iso-C 17 : 0 3-OH. The polar lipids consist of phosphatidylethanolamine, one unidentified aminophospholipid, one unidentified phospholipid, three unidentified aminolipids and three unidentified lipids. The predominant respiratory quinone is MK-7.
The type strain is RG4-7 T (5CGMCC 1.12493 T 5DSM 26907 T ), isolated from a moss (Polytrichastrum formosum) collected from the Gawalong glacier in Tibet, China. The DNA G+C content of the type strain is 39.1 mol%. Montero-Calasanz et al. (2013) , summed features are groups of two or three fatty acids that are treated together for the purpose of evaluation in the MIDI system and include both peaks with discrete equivalent chain-lengths (ECLs) as well as those where the ECLs are not reported separately. Summed feature 3 was listed as C 16 : 1 v7c and/or C 16 : 1 v6c; summed feature 4 was listed as iso-C 17 : 1 I and/or anteiso-C 17 : 1 B.
